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Introduction

31
The recent rise in the use of physical conditioning for golf at the elite level has seen a number 32 of experimental studies aim to quantify its effect on golf performance (Fletcher & Hartwell, 33 2004; Keogh et al., 2009; Lephart, Smoliga, & Myers, 2007) . The goal of most physical 34 conditioning research is to increase performance through faster clubhead speed and reduced 35 shot variability (Keogh et al., 2009; Meira & Brumitt, 2010; Thompson & Osness, 2004) . The 36 use of multi-factorial training interventions agree that joint flexibility is crucial to optimal 37 swing mechanics, although joint flexibility has been shown to be negatively affected by the 38 development of muscular hypertrophy (Gergley, 2009; Keogh et al., 2009 ).
40
One physical attribute which has been under-investigated individually, is the effect flexibility 41 has on golf performance (Hume, Keogh, & Reid, 2005) . Research agrees that flexibility is 42 important for golfers for such reasons as; a decreased resistance to swing plane and a decreased 43 stretch reflex (Chettle & Neal, 2001 ) which allows for a greater ROM in the backswing (Keogh 44 et al., 2009; Meira & Brumitt, 2010) , and injury reduction (Lindsay & Horton, 2006) .
45
Flexibility in more able, or lower handicap players, has been found to be significantly greater 46 than their higher handicap counterparts (Sell, Tsai, Smoliga, Myers, & Lephart, 2007) , and may possibly explain faster clubhead speed for lower handicap players (Fletcher & Hartwell, 2004;  to investigate the correlation amongst flexibility variables of the trunk and lower trunk and x-80 factor variables. The second aim was to determine which x-factor related flexibility and golf 81 swing kinematic variables were associated with clubhead speed. Both aims were investigated 82 in a group of low handicap golfers using their own driver.
84
Methods
85
Participants & Experimental Protocol
86
Fifteen right handed low handicap male golfers (Mean ± SD: age = 22.7 ± 4.3 years, registered 87 golfing handicap = 2.5 ± 1.9) were recruited for this study. A modified Nordic Low Back Pain The experimental protocol of this study involved each participant firstly having their flexibility 102 variables obtained, then to hit five shots with their own driver using the same leading brand of 103 golf ball using a 3D motion analysis system. During testing, participants wore bicycle shorts, 104 their own golf glove and golf shoes, and hit off a tee positioned on an artificial turf surface into 105 a net positioned five metres in front of the hitting area. Participants were instructed to perform 106 a warm up, which included practice swings and real swings, to familiarise themselves with 107 hitting within the laboratory. This study was undertaken in an indoor biomechanics laboratory.
108
Ethical approval to conduct the study was provided by the Institutional Human Research Ethics
109
Committee at Edith Cowan University (6069 JOYCE). 
Data Analysis
140
From the five trials recorded for each driver, the trials with the fastest and slowest clubhead 141 velocity were removed, and the remaining three trials were averaged, assuming that there was; 142 minimal retro-reflective marker drop out, the ball landed within a predicted 37 m wide fairway
143
(from the launch monitor), and where the participant felt that improper contact had not been 144 made were analysed. Flexibility and golf swing kinematic trials were smoothed using a
145
Woltring filter with a mean square error of 20mm² (Woltring, 1986) .
147
The multi-segment model used in this study was developed using Vicon BodyBuilder V.3.6.1 148 (Oxford, UK) and used in Vicon Nexus V.1.7.1 (Oxford, UK), to obtain all kinematic variables.
149
Cardan angles reported for the trunk were reduced from the joint coordinate system of the 150 shoulders relative to the joint coordinate system of the pelvis, and lower trunk Cardan angles 151 reduced from the joint coordinate system of the lower thorax relative to the joint coordinate 152 system of the pelvis (i.e. 0,0,0 indicates the shoulder or lower thorax reference frame is relative 153 to the pelvis reference frame). In order to calculate the rotations relative to the pelvis, cardan 154 angles for each segment were reported using a ZYX (lateral bending, flexion / extension, axial 155 rotation) order of rotation, followed by derivation of axial rotation velocity at ball impact, using 156 finite difference calculations. For each segment, a total of six flexibility, and six golf swing 157 kinematic variables were reported (Table 2) . Values for trunk flexion, left lateral bending and 158 right axial rotation were reported as negative.
160
Statistical Analysis
161
All statistical analyses were performed using SPSS V22.0 for Windows (IBM Co., NY, USA).
162
All data were screened to assess normality. For the flexibility analysis, a Pearson Product- 
Results
173
Flexibility and golf swing kinematic variables are described in Table 2 , and swing kinematic / 
Discussion
213
The aims of this study were to firstly, investigate the correlation amongst flexibility variables 214 of the trunk and lower trunk and x-factor variables and secondly, identify which x-factor related 215 flexibility and golf swing kinematic variables were associated with clubhead speed. This was 216 undertaken using fifteen low handicap male golfers, using their own drivers. could also be suggested that, as explained earlier, the lower trunk was seen to be more active 262 in lateral bending, which may have assisted the generation of faster clubhead speeds, without 263 the need for the trunk to laterally bend and therefore axially rotate more (Gluck et al., 2007) . (Gluck et al., 2007; McHardy et al., 2006) . A limitation of this study 296 was that it did not compare flexibility data to that of a higher handicap, or lesser able group of 297 golfers, the results of the flexibility analysis can only support modern swing kinematics that 298 aim to increase balance and control, to then deliver faster clubhead speeds, with reduced shot 299 variability (Sell et al., 2007; Smith, 2010) . A second limitation of this study was the relatively 300 small, homogenous sample size used. Significant variables identified in the GLM were 301 associated with faster clubhead speed for skilled golfers within this study, and results should 302 not be taken as predictive inferences of similar skill level golfers (Shmueli, 2010) . 
